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Abstract

Increases in emergency room visits due to abuse of designer drugs, popularly known by the street
names “K2” and “Spice,” are a cause for social, judicial, and clinical concerns. The psychoactive
components in these herbal drugs mainly consist of different synthetic cannabinoids, and users of
these street drugs are primarily within the age group of 12 to 20 years old. The abusive use of
synthetic cannabinoids results in anxiety, nausea, vomiting, tachycardia, elevated blood pressure,
tremors, seizures, hallucinations, and paranoid behavior, but the effects of maternal use of
synthetic cannabinoids during pregnancy are ambiguous due to limited studies in humans and a
relative short history of the drugs. In this review, we discuss the known and potential adverse
effects of synthetic cannabinoids on human pregnancy using knowledge gathered from studies in
mice and limited studies in humans. In mice, multiple sites and stages of pregnancy are potential
targets of synthetic cannabinoids, including preimplantation embryo development, oviductal
embryo transport, implantation, placentation, and parturition. It is anticipated that maternal use of
synthetic cannabinoids would result in severely compromised female fertility and pregnancy
outcome.

Keywords
cannabinoids; pregnancy; synthetic cannabinoids; female reproduction; ectopic pregnancy

Introduction

Marijuana is one of the world's most popular recreational drugs (SAMHSA, 2009), and the
most commonly abused illicit drug in pregnant women in Western societies (UNODC,
2010). In 1964, the major psychoactive component of marijuana, A%-tetrahydrocannabinol
(AS-THC), was discovered (Gaoni and Mechoulam, 1964). Later, endocannabinoids
(endogenous cannabinoid-like compounds), were identified in vivo. While the studies in
cannabinoids/endocannabinoids have been growing, hundreds of cannabinoid-mimics
(synthetic cannabinoids) have been synthesized in vitro with similar effects to A%-THC. In
recent years, synthetic cannabinoids are found in illicit “fake marijuana”, with different
street names such as “Spice” or “K2”, and are usually sold as a mixture of herbs sprayed
with a synthetic compound, typically including HU-210, HU-211, JWH-018, and JWH-073.
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As of March 2011, five synthetic cannabinoids were listed as Schedule I substances, making
their possession and use illegal in the United States; nevertheless, it has been found that the
popularity of synthetic cannabinoids is increasing among young people (ONDCP, 2012).
The use of synthetic cannabinoids has been reported to cause agitation, anxiety, nausea,
vomiting, tremors, seizures, hallucinations, and paranoid behavior (Fattore and Fratta,
2011). However, the toxicity of synthetic cannabinoids on human reproduction is not fully
understood and appreciated. Although epidemiologic studies in humans showed
controversial results on the adverse effect of maternal use of cannabis on pregnancy
outcome (Fergusson et al., 2002, Shiono et al., 1995), the possibility that the newer
generation of synthetic cannabinoids adversely impacts pregnancy outcome should not be
neglected, since many synthetic cannabinoids have much higher affinity and potency to bind
to cannabinoid receptors (Huffman and Padgett, 2005). Synthetic cannabinoids may have
unexpected adverse side effects due to limited clinical data on these synthetic drugs and
structural uniqueness of each drug. Here, we discuss the findings of various studies that have
examined the effects of natural and synthetic cannabinoids in pregnant animal models and
human tissues to determine the possibility and degree of toxic side effects on pregnant
women and their developing embryos.

I. Endocannabinoid system

Research on cannabinoids blossomed after the discovery of the major psychoactive
component of marijuana, A%-tetrahydrocannabinol (A%-THC) (Gaoni and Mechoulam, 1964).
The two most studied endocannabinoids are anandamide (AEA) and 2 arachidonoylglycerol
(2-AG) (Devane et al., 1992, Mechoulam et al., 1995, Sugiura et al., 1995). A%-THC and
endocannabinoids exert their functions by targeting two major G protein-coupled
cannabinoid receptors, brain-type CNR1, encoded by Cnr1 (Devane et al., 1988, Matsuda et
al., 1990) and spleen-type CNR2, encoded by Cnr2 (Munro et al., 1993). In addition to
CNR1 and CNR2, GPR55 (McPartland et al., 2006, Sawzdargo et al., 1999) and the
transient receptor potential vanilloid 1 (TRPV1) (Van Der Stelt and Di Marzo, 2004) are
also capable of mediating certain functions of cannabinoids/endocannabinoids.

Around the late 1980's, several labs worldwide began to make multiple compounds
possessing similar effects to AS-THC for research purposes. Among others, the two most
known series of synthetic cannabinoids are JWH and HU compounds. Hundreds of JWH
compounds were generated by a group led by John W. Huffman from Clemson University,
USA, and HU compounds were synthesized by a group led by Raphael Mechoulam at the
Hebrew University, Israel. Many of the synthetic cannabinoids have a much higher affinity
to bind cannabinoid receptors and are more potent compared to natural THC. Since the list
of synthetic cannabinoids is rapidly growing, and only five of them are currently banned in
the United States, there are many potential compounds which can be used as “fake
marijuana” and sold legally.

Levels of endocannabinoids in vivo are tightly regulated by enzymes for synthesis and
degradation of endocannabinoids. AEA is derived from the precursor N-acyl
phosphatidylethanolamine (NAPE). Studies in knockout mice suggest that AEA can be
generated via multiple enzymatic pathways (Leung et al., 2006, Simon and Cravatt, 2010),
involving NAPE-hydrolyzing phospholipase D (Nape-pld) (Natarajan et al., 1982, Natarajan
etal., 1984), a/p-hydrolase 4 (Abh4) (Simon and Cravatt, 2006), and a protein tyrosine
phosphatase, Ptpn22 (Liu et al., 2006). However, degradation of AEA is mainly mediated by
a membrane-bound fatty acid amide hydrolase (FAAH) to ethanolamine and arachidonic
acid (AA) (Cravatt et al., 1996, Giang and Cravatt, 1997). A second enzyme displaying
FAAH activity has been discovered in humans, but not in mice and rats (Wei et al., 2006).
FAAH is critical for regulating both the magnitude and duration of AEA signaling (Cravatt
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and Lichtman, 2002). Besides FAAH, cyclooxygenase 2 (COX2) is also capable of
inactivating AEA through an oxidative pathway (Rouzer and Marnett, 2008).

2-AG is produced by the cleavage of its precursor, diacylglycerol (DAG), via a membrane-
bound snl1-diacylglycerol lipase (DAGL) (Moriyama et al., 1999), which exists in vivo in
two different isoforms, DAGLa and DAGL. 2-AG is degraded to AA and glycerol by
either FAAH or a membrane-associated serine hydrolase, monoacylglycerol lipase (MAGL)
(Goparaju et al., 1999).

II. Toxicity of Endocannabinoids in female reproduction

Successful pregnancy depends on the appropriate orchestration of sequential pregnancy
events, including fertilization, preimplantation embryo development, oviductal embryo
transport, implantation, decidualization, placentation, and finally parturition; disturbances in
any of these pregnancy events will have deleterious ripple effects on subsequent events,
ultimately compromising pregnancy outcome (Cha et al., 2012). Cannabinoid signaling,
which is conserved across species from sea urchins to humans, is involved in each step of
pregnancy, thus suggesting that it has critical roles during pregnancy. Accumulating
evidence suggests that a tightly controlled cannabinoid signaling tone is required for optimal
progression of pregnancy events (Sun and Dey, 2012). During pregnancy, maternal use of
synthetic cannabis is likely to offset the balance of cannabinoid signaling and compromise
pregnancy outcome.

1. Higher cannabinoid signaling impairs preimplantation embryo development
—The embryo is formed when an eqgg is fertilized by a sperm in the oviduct (Evans and
Florman, 2002, Wassarman et al., 2001). In mice, embryos must develop into blastocysts
within 4 days after fertilization to acquire the competency for implantation. Preimplantation
embryo development involves several rounds of successive mitotic cell divisions— 2-cell,
8-cell, 16-cell and morula stages—ultimately forming blastocysts. A blastocyst consists of
the outer layer of trophectoderm (TE) cells and the inner cell mass (ICM) (Rossant, 2004,
Rossant and Tam, 2004).

The presence of cannabinoid receptors in preimplantation mouse embryos makes them a
target of cannabinoid signaling. CNR1 is expressed in embryos from late 2-cell stage to
blastocyst stage in which CNR1 is primarily localized in the trophectoderm. In contrast,
CNR2 is expressed in embryos from 1-cell through the blastocyst stage, but in the latter
stage CNR2 expression is primarily restricted to the ICM (Paria et al., 1995). In addition to
the presence of these two receptors, FAAH is also present in the preimplantation embryos
from the 2-cell stage to the blastocyst stage.

On-time preimplantation embryo development is critical to achieving an implantation
competent blastocyst, and it requires finely tuned endocannabinoid signaling. In mice,
preimplantation embryo development is derailed by increased levels of cannabinoid/
endocannabinoid signaling. The development of 2-cell embryos to blastocysts was shown to
be arrested by high levels of AEA, 2-AG, A%-THC, or a synthetic cannabinoid agonist
WIN55212-2 (Paria et al., 1995, Paria et al., 1998). Moreover, blastocysts treated with high
levels of AEA have a reduced number of TE cells and blastocyst zona-hatching becomes
sluggish (Schmid et al., 1997, Yang et al., 1996). The adverse effects of higher levels of
cannabinoid/endocannabinoid signaling is attenuated by SR141716A (a CNR1 selective
antagonist), but not by SR144528 (a CNR2 specific antagonist), suggesting increased
cannabinoid signaling via CNR1 inhibits normal mouse embryo development. The result is
also supported by the observation that trophoblast outgrowth in vitro is promoted at a low
level (7 nM), but becomes retarded at higher levels (28 nM) of AEA (Wang et al., 1999).
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The generation of Cnr1, Cnr2, and Faah null mice provided useful model systems to study
the effects of cannabinoid signaling in vivo. The null embryos, recovered from Cnr1~/~ and
Cnr17/=/Cnr27/~ oviducts on day 3 and from uteri on day 4 of pregnancy, showed retarded
growth compared with embryos derived from wild-type (WT) females (Paria et al., 2001).
However, heterozygous embryos recovered from Cnr1~/~ females mated with WT males
showed normal embryo development (Wang et al., 2004). The results provide evidence that
embryonic CNR1, but not maternal CNR1, directs appropriate embryo development (Wang
etal., 2006a). In Faah™~ mice, significantly increased oviductal AEA levels are observed as
compared with those in WT oviducts (Wang et al., 2006b). Interestingly, the development of
preimplantation embryos in Faah™~ females is also delayed and become asynchronous
(Wang et al., 2006b). This result not only suggests FAAH is indeed one of the primary
enzymes that regulates anandamide turnover, but also indicates the oviductal environment in
Faah™~ mouse may mimic that in long-term marijuana users in turn giving support to the
theory that the maternal use of cannabis causes retarded development in preimplantation
embryos.

Collectively, normal preimplantation embryo development requires appropriate
endocannabinoid signaling via CNRL1. Either silenced or augmented CNR1 signaling leads
to abnormal embryo development. In humans, the maternal use of synthetic cannabinoids
which increases cannabinoid signaling may cause retarded embryo development. In mice
which ovulated around 8-10 eggs as compared to only one or two mature eggs are ovulated
in each cycle in humans. Therefore, any disturbance in embryo development may result in
complete pregnancy failure. Although there are few medical records correlating maternal
use of cannabis with abnormal preimplantation embryo development, it may be due to the
fact that underdeveloped embryos fail to implant, thus causing no obvious clinical
symptoms.

2. Higher cannabinoid signaling derails normal oviductal-uterine embryo
transport—In both humans and mice, embryos develop within the oviduct until day 3 of
pregnancy. At late morula to early blastocyst stage, the embryo starts migrating towards the
uterine lumen. The normal passage through the oviduct into the uterus requires coordinated
oscillation of the cilia on the oviductal epithelia and muscle contractions. Failure of this
passage through the oviductal-uterine junction results in embryo retention in mouse oviducts
or human Fallopian tubes. In humans, the entrapped embryos can implant in the Fallopian
tube, causing ectopic pregnancy in women, which is fatal in many occasions (Farquhar,
2005, Pisarska et al., 1998).

In mice, endocannabinoids and their putative receptor CNR1 are present in the oviducts.
Faah levels in the isthmus are lower than the levels in the ampullary region, whereas Nape-
pld shows the reverse pattern (Guo et al., 2005, Wang et al., 2006b); this suggests a gradient
of AEA levels in the oviduct.

Studies using knockout females mated with WT males show that Cnr1~~ and Cnr1~/~/
Cnr27/~, but not WT or Cnr2~/~, mice have oviductal retention of embryos, suggesting that
normal oviductal transport requires CNR1, but not CNR2 (Paria et al., 2001, Wang et al.,
2004). Reciprocal embryo transfer experiments further confirmed that maternal CNR1 is
critical for appropriate oviductal transport of embryos, since only Cnr1~/~ recipients
displayed oviductal retention of embryos irrespective of embryonic genotypes (Wang et al.,
2004). Higher cannabinoid signaling also affects oviductal embryo transport. WT mice
exposed to A%-THC or methanandamide (a stable AEA analog) have similar oviductal
retention of embryos, which is rescued by CNR1 antagonist treatment (Wang et al., 2006b).
Studies using Faah™~ mice further confirm that higher oviductal AEA levels disrupt normal
embryo passage into the mouse uterus. Research in women with ectopic pregnancy
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corroborates the discoveries in mice. In women with ectopic pregnancy, the Fallopian tubes
and endometrium have lower levels of Cnrl compared to those in women with normal
pregnancies (Horne et al., 2008). AEA levels in ectopic Fallopian tubes are significantly
higher than those in normal pregnancies (Gebeh et al., 2012), and increased AEA levels are
associated with low FAAH activity in ectopic Fallopian tubes. In addition, treatment with
oleoylethanolamide, an endocannabinoid, significantly decreases cilia beat frequency in
human fallopian tube epithelial cells (Gebeh et al., 2013).

In conclusion, either higher or lower endocannabinoid signaling impairs normal wave
movement through the oviduct, and consequently causes embryo retention in mouse
oviducts. Since mouse oviducts cannot support implantation, the entrapped embryos in the
oviduct ultimately degenerate. However, embryos are able to implant in human Fallopian
tubes. Therefore, maternal consumption of cannabis during early pregnancy may cause tubal
pregnancy in humans. In the developed countries, tubal pregnancy remains the major cause
of maternal mortality in the first trimester of pregnancy (Cantwell et al., 2011).

3. Higher endocannabinoid signaling defers implantation timing—Implantation
occurs only when the blastocyst becomes implantation competent and the uterus achieves
the receptive phase (Paria et al., 1993). The window of uterine receptivity is transient and
delayed implantation has an adverse ripple effect throughout the course of gestation, leading
to a compromised pregnancy outcome.

Endocannabinoids AEA and 2-AG, as well as their putative receptor CNR1, are present in
the mouse uterus. Higher levels of Nape-pld mRNA and NAPE-PLD activity are found in
interimplantation sites, whereas both mRNA and protein levels are lower in implantation
sites (Guo et al., 2005, Wang et al., 2007). In contrast, FAAH expression and activity are
higher at the implantation sites. The expression patterns of NAPE-PLD and FAAH keep
AEA levels low at the implantation sites. Similarly, DAGLa levels are higher in
interimplantation sites on days 5 and 7 of pregnancy where MAGL levels are low.
Conversely, DAGLa levels are lower in implantation sites with higher levels of MAGL
(Wang et al., 2007). Therefore, 2-AG shows similar patterns as AEA with higher levels at
the interimplantation site and lower levels at the implantation site. These results suggest that
an appropriate endocannabinoid signaling is beneficial to implantation.

Lower levels of cannabinoid signaling are critical in preparing embryos for implantation.
Embryonic expression of CNR1 is downregulated in mouse blastocysts with approaching
implantation (Paria et al., 2001). In the same vein, activated blastocysts have much lower
CNR1 expression compared with dormant blastocysts (Paria et al., 2001, Wang et al., 2003).
High levels of AEA or other synthetic cannabinoids inhibit blastocyst zona-hatching, while
low levels of AEA accelerates trophoblast differentiation and outgrowth in culture (Paria et
al., 1995, Paria et al., 1998, Schmid et al., 1997). In vivo, high levels of AEA in Faah™'~
mice postpone implantation timing, leading to compromised pregnancy outcome (Wang et
al., 2006b). This deferred implantation was substantially rescued by the selective CNR1
antagonist SR141716, suggesting CNR1 mediated AEA signaling derails on-time
implantation. In humans, women with elevated peripheral AEA levels are associated with a
higher rate of spontaneous pregnancy loss (Maccarrone et al., 2002, Maccarrone et al.,
2000).

The mechanism by which cannabinoid signaling regulates blastocyst activation is still not
clear. Some evidence indicates that AEA at a low concentration (7 nM) activates ERK
signaling via CNR1, whereas AEA at a higher concentration (28 nM) fails to activate ERK,
but instead inhibits Ca?* mobilization (Wang et al., 2003). These results help explain how
endocannabinoids at different concentrations differently modulate blastocyst activation.
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Appropriate and regulated endocannabinoid signaling in both the blastocyst and uterus is
required for the establishment of uterine receptivity and implantation competency of
blastocysts. Gene expression studies and genetically engineered mouse models have shown
that lower levels of endocannabinoid signaling are conducive to the process of implantation,
and higher levels of cannabinoid signaling cause defer implantation, resulting in suboptimal
pregnancy outcome.

4. Tightly regulated cannabinoid signaling is critical to normal placentation—
In eutherians, the placenta is the only connection between the mother and fetus. Its functions
include the exchange of oxygen, nutrients, and waste between the two entities. Most
exchanges occur in the labyrinth layer of the placenta, which consists mainly of
syncytiotrophoblasts. Adjunct to the labyrinth layer, the spongy layer, derived from EPC and
extraembryonic ectoderm cells, confers structural support for the labyrinth layer. Most cells
in the spongy layer are spongiotrophoblast cells (SPT); they are separated from maternal
decidual cells by trophoblast giant cells (TGC) (Cross et al., 2003). All of the TGC, SPT,
syncytiotrophoblast, and other trophoblast cells are derived from trophoblast stem (TS) cells
originating from the trophectoderm. To exert its physiological function, the placenta requires
an appropriate population and distribution of different trophoblast cells. Any aberration in
trophoblast proliferation or differentiation compromises normal placentation.

Midgestational placentas are targets of endocannabinoid signaling. Two endocannabinoids,
AEA and 2-AG, are detected in murine placentas. The placenta also has detectable levels of
mRNAs for metabolic enzymes (Faah, Nape-pld, Magl, and Dagla) and cannabinoid
receptors (Cnrl and Trpvl). Immunohistochemistry results have provided evidence that
FAAH and CNR1 are expressed in the EPC on day 10 of pregnancy and the SPT layer later
on day 14 (Sun et al., 2010). CNR1 and FAAH were also identified in human placentas,
including amniotic epithelial cells, chorionic cytotrophoblasts (Park et al., 2003), and
syncytiotrophoblasts (Habayeb et al., 2008). Placentation was found to be compromised in
Cnr17/~ females. Cnr1~/~ females have a higher rate of embryo loss and lower placental
weights on days 12 and 14 of pregnancy compared with WT mice. In Faah™~ females, the
resorption rate starts to rise from day 14. These results suggest that both high and low
endocannabinoid signaling compromises normal pregnancy events even at midgestation
(Sun et al., 2010).

Aberrant cannabinoid signaling has adverse effects on the proliferation of trophoblast stem
(TS) cells, which are derived from the trophectoderm in blastocysts. Proliferation of
Cnr17=/Cnr27/~ and Faah™~ TS cells was remarkably sluggish compared to WT TS cells,
because of reduced levels of activated AKT. Additionally, WT TS cells treated with
methanandamide (7 nM) proliferated at a faster rate, but this was attenuated by a CNR1
selective antagonist, suggesting that CNR1 mediated endocannabinoid signaling regulates
TS proliferation (Sun et al., 2010). The results also show that CNR1 mediated signaling via
the PI3K-AKT pathway is important for appropriate TS cell proliferation in mice.
Interestingly, AEA also prevented the proliferation of a human cell line, BeWo trophoblast
cell, in a dose-dependent manner. Elevated plasma AEA levels also increased the risk for
first trimester miscarriages (Habayeb et al., 2008).

Aberrant endocannabinoid signaling has an adverse impact on TS cell differentiation and
development of the SPT layer. The differentiation of secondary TGCs from precursor cells
in the SPT layer depends on the balance of two transcription factors: Mash2 prevents
trophoblast precursor cells from differentiating into secondary TGCs (Guillemot et al.,
1994), whereas Hand1 promotes differentiation into TGCs (Riley et al., 1998). Mash2
expression was shown to be much reduced in Faah™~ and Cnr1~/~ placentas, indicating that
Faah™~ and Cnr1~/~ trophoblast precursor cells are more prone to differentiate into TGCs.
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During placentation, trophoblast cells invade the maternal decidual zone and reshape the
maternal blood vessels to direct appropriate rate of blood flow to support embryonic growth
(Cross et al., 2002). Thus, this invasive function of trophoblast cells is critical for successful
placentation in establishing maternal-fetal circulation and exchanges. The invasion of
glycogen trophoblast cells (GTC) into the decidua basalis is an indicator of trophoblast
invasiveness. In WT females, an abundant number of GTC invade into the decidual basalis;
however only a sporadic number of them with shallow invasion was found beyond the TGC
border in Cnr1~~ mice (Sun et al., 2010). These results suggest that the invasive capacity of
trophoblast cells is compromised in the absence of CNRL1.

In humans, low FAAH and high CNRL1 levels are associated with spontaneous miscarriage
(Trabucco et al., 2009), suggesting higher cannabinoid signaling is harmful to the placenta
during the first trimester. Similarly, preeclamptics placentas have significantly higher levels
of NAPE-PLD and lower levels of FAAH (Aban et al., 2013). These observations are further
confirmed by the results that higher plasma AEA levels are associated with non-viable
pregnancies (Taylor et al., 2011).

Collectively, aberrant CNR1-mediated endocannabinoid signaling inhibits TS cell
proliferation, differentiation into SPT cells, and trophoblast invasiveness, leading to
defective placentation and pregnancy loss in the midgestational stage. Higher cannabinoid
signaling is also associated with spontaneous miscarriage in women.

5. Endocannabinoid signaling plays a role in parturition—In humans, a pregnancy
that lasts about 37 to 42 weeks is considered to be full term. A pregnancy with less than 37
weeks of gestational age is considered preterm, when a baby is not mature and competent
for normal postnatal survival. Preterm birth accounts for 10% of neonatal mortality
worldwide (CHRP, 1999). In developed countries, neonatal death decreases due to reduced
infections and other causes of neonatal death, but the exact cause of preterm birth still
remains unsolved. Therefore, preterm birth becomes the leading cause of neonatal mortality
in developed countries and accounts for 25% of neonatal mortality in the U.S. (Mathews and
MacDorman, 2006).

It was observed that genetic loss of Cnrl leads to preterm birth and lower birth weight
(Wang et al., 2008). Previous reports showed that P4 withdrawal and a decreased P4 versus
estradiol (E») ratio determines the parturition timing in rodents (Mesiano and Welsh, 2007).
CNR1 deficiency induces preterm birth in mice by altering normal P4 and estrogen levels,
suggesting cannabinoid signaling via CNR1 plays a role in mouse parturition. In humans,
plasma levels of AEA are increased during labor (Habayeb et al., 2004). Endocannabinoids
and the synthetic cannabinoid CP55,940 significantly increase PGE, production in human
amnions at term (Mitchell et al., 2008). It is known that prostaglandin (PG) production is
associated with parturition, suggesting elevated cannabinoid signaling plays a role in human
parturition. Thus, maternal use of cannabis during the third trimester of pregnancy may
induce prostaglandin production, thus advancing the parturition process. In fact, evidence
from a human epidemiological study indicates that regular use of cannabis throughout
pregnancy is associated with statistically detectable decreases in birth weight (Fergusson et
al., 2002), which is also associated with preterm birth.

lll. Looking Forward

The use of marijuana and recent rise in the use of more potent synthetic and designer drugs
raise serious concerns regarding higher incidence of psychosomatic disorders and
reproductive consequences among young people. In addition, increasing use of cannabis
products as medicinal antidotes against many health problems adds to the debate among
proponents and opponents of the use of cannabis for medicinal purposes. Many studies in
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mice and epidemiological data on humans suggest a major regulatory role of cannabinoid
signaling is in pregnancy. And maternal consumption of marijuana or synthetic
cannabinoids is a potential risk factor for abnormal embryo development, tubal pregnancy,
implantation failure, placental defects related to spontaneous abortion and preterm birth
(Figure 1). Considering these social, political, judicial, and clinical concerns, it should be
advocated that more invest be made in basic research to better understand the effects of
marijuana products in health and diseases.
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Figure 1.

Cannabinoid/endocannabinoid signaling impacts various pregnancy events. Maternal use of
natural and synthetic cannabinoids disturbs pregnancy events including preimplantation
embryo development, oviductal embryo transport, implantation, and placentation. Although
there is no direct evidence available to show that synthetic cannabinoids compromise
decidualization or parturition, studies in CB1 knockout mice suggest both of them are
potential targets of synthetic cannabinoids ((Wang et al., 2008) and unpublished data). The
figure is adapted in modified form from REF (Sun and Dey, 2012).
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